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SU"A3Y 
. ,  . .  

Surveys of t he   d i s t r ibu t ion  of to ta l   p ressure ,   to ta l   t empera ture ,  
and s t a t i c   p re s su re  have  been'made a t  a number o f  s t a t lons  in  the  
s l o t t e d   t e s t   s e c t i o n  and dif .fuser of t he  Langley 8-foot transonic 
tunnel   with  ear ly  and improved diffuser-entrance  noses   instal led  a t   the  
ends of the s l o t s .  The results of these'  surveys and the development of . .  
-&& improved noses are described. 

With t h e   e a r l y . d i f f u s e r - e n t r a c e  nose installed,. a l a rge   pa r t  of 
the power loss associated w i t h  t h e   i n s t a l l a t i o n  of t h e   s l o t t e d   t e s t  
sect ion was caused  by the ineff ic ient   induct ion-  of the part o f  the 
stream  tube'  outside thq slots i n t o   t h e   d i f f u s e r .  The i n s t a l l a t i o n  of 
improved diffuser-entrance  noses  substant-lly  reduced the losses' 
associated  with  the  induction of the stream  tube into t he   d i f fuse r .  
With the  improved diffuser-entrance.   nose  instqlled,  the increase in 
power l o s s  due t o  the   addi t ion  of  t h e   s l o t s  i s  most pronounced in  the 
foAard portions of the   s lo t t ed  t h r o a t .  ~ 

" 

'3XD3ODUCTIOW 

A s l o t t e d   t e s t   s e c t i o n  has. recent ly  been i n s t a l l e d  i n  the  Langley 
8-foot transonic  tunnel.  The s l o t s  reduce  tunnel  wall  blockage and 
-allow  continuous  operation of the tunhe1 through the speed of  sound t o  
low-supersonic Mach numbers ( r e f .  1). The r e s u l t s  of the   ca l ibra t ion  
of the  f l o w  i n  the  test sect ion -e presented i n  reference 2. The power 
required.to  operate  the  tunnel  with the s lo t ted   sec t ion  a t  a -given Mach ' 

number was considerably  greater  than tpat necessary for. operation of the 
tunnel  with  .a  closed th roa t .  Specif ical ly ,  a t  a Mach number. o f  1.10, 

.. . 
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t he  pbwer requirement was almost  twice a6 great as t h a t  which would 
have been  needed for the  tunnel  with a closed  throat  operating a t  that 
speed. 

In order  to  deternine  the  sources of  the  power losses  associated 
wi th   ins ta l la t ion  o f  the  s lots ,   surveys of the   d i s t r ibu t ions  of t o t a l  
pressure,   total-temperature,  and s ta t ic   p ressure  were made at a number 
of  s t a t ions   i n   t he   s lo t t ed  tee;t section and d i f fuser  of the  Langley 
8-foot  transonic  tunnel.  In  order  to  reduce the associated  losses, a 
revised  diffuser-entrance  nose has been  developed. The surveys have 
been repeated  with  the  f inal   configuration of  the  revised  diffuser- 
entrance  nose  installed  to  provide  the basis for   fur ther   reduct ions  in  
the  tunnel  power requirements. ' 
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SYMBOLS 

l oca l  Mach number 

mean Mach'number a t  center   l ine  of t es t  region 

Mach number based on to ta l   p ressure  a t  center line of 
stream and s ta t ic   p ressure   in   t es t -  chamber 

loca l   ve loc i ty  

loca l   s ta t ic   p ressure  - 

test-chamber s ta t ic   p ressure  . 

atmospheric  pressure 

. .  
t 
I 

* *  

7 -  

l oca l  mass density 

mass density after increasing  pressure  of  local element 
t o   l oca l   t o t a l   p re s su re   i s en t rop ica l ly  

mass density after increasing  pressure.of   local  element 
t o  atmospheric  pressure  isentropically 

l o c a l  to ta l   p ressure  

local   total   pressure  def ic iency  with  re la t ion  to  
atmospheric  pressure 
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power requi red   to . ra i se . . to ta l   p ressures  of a l l  elements ' 

pqssing  through a stream-tube  cross  section  to  atmos- 
pheric  pressure  isentropically 

r' . - .  

power  requi red   to  raise t o t a l   p r e s s u r e s  of a l l  elements . 

passing through a stream-tube  cross.section  to atmos- 

single  survey stat ion 
-pheric.pressure;  based on measurement obtained a t  a 

k ine t i c  power of a. stream  tube in the  t.est region 
assuming the conditions are uniform acro'ss  the  section 

radial distance from center   l ine  of   tunnel  

,loca.l  radius  of  stream  tube 

angular  segment.of  circular  stream-tube  sectfon  (table I) 

lateral dis tance from center line of a s l o t  a t  wall 

ver t i ca l   d i s t ance  from me1 surface 

lateral distance' from center  line of   s lo t   t o   cen te r  
l ine  of  panel a3 w a l l  

distance from surface  of  panel  to  radius  through 
cen te r   l i ne   o f   s lo t ;  n o m 1  to,   panel-   ( table  'I) 

local  enclosed  cross-sectional area . . 
area  a t  tunnel minimum section 

r a t i o -  of specif ic   heats ;  1.40 f o r   a i r  

APPARATUS ' 

. -  
Tunnel and Diffuser-&trance  Nose- 

~. 

.The -gley 8-foot  transonic  tunnel i s  a continuous  circuit .  tunriel 
as shown in f igure  1. The stagnation  pressure is maintained at essen- 
tially atmospheric  pressure by the  vent  tower. The major part of 
diffusion  occurs ahead of t h e   f i r s t  set of t iming  vanes downstream of 
the  test sect ion.  The s lo t t ed . t e s t   s ec t ion  of the   tunnel  i s  shown in  
f igure 2 and is .described more completely in reference 1; The d i f fuser -  
entrance-nose  configuration  used  during  the development of. s l o t  shape 
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( ref .  I) and the  survey of the -d.istributlons of the  tes t -sect ion Mach 
number ( ref .   2)  i s  shown in  f igure  3(a).   This  nose,  which was referred 
t$ as ."nose A" i n  reference 2, w i l l  be designated  "original  nose" 
throughout this   paper .  The final  diffuser-entrance nose  configuration, ' . 
which was derived  during t.he  development tests described  herein, is 
shown in   f i gu re  3(b). This. nose, which was re fe r r ed   t o  8 s  "nose B" in 
reference 2, will be designated  '"final  revised  nose"  herein. 

The f ina l   rev ised  noses were placed between steel .   plates parallel 
in  the  region  of-the  noses 3.5 inches  apart, which simplified  the 
adjustment o,f the  posi t ions of t he  various-noses . (See f i g . .  4.) Ahead 
of  the  noses,  the  plates are curved  outward, f a i r ing   i n to   t he  test-  
sect ion  s t ructure  a t ' a  s ta t ion  93 inches downstream from the origin of 
the  s lots .   Out l ines  o f  t h e   k r i o u s   n o s e  shapes which were invescigated 
during  the development o f  the final   configurat ion are presented in f igure 5 .  

Survey Equipment 

Point  values  of  the  , total   pressure and total   temperature  were 
measured using  probes as shown in   f igure  6. The design of t h e   t o t a l -  
pressure  probes was such that the   t o t a l . p re s su res  were  measured with 
negligible  error,  except 'for losses due t o  normal shock a t  Mach numbers 
greater than 1.0 at  angles up t o  200 from the  direct ion of flow. The 
total-temperature  probe  allowed a direct-  measurement of t h e   t o t a l  
temperature  without any s ignif icant   correct ion.  Angles of downwash and 
sidewash i n  t h e   s l o t s  were measured using claw-type yaw meters. (See 
f i g .  7.)  . - *  . .  

The probes were supported in   t he   t unne l  by 12 rakes. A t  the end 
o f .   t he   d i f fuse r ,   t he  probes were supported by a 14-foot-long  rake, 
which completely spanned the tunnel. In the forward region  of  the 
diffuser,  surveys were made with  2-foot-span  rakes as shown on the 
r igh t   o f  figure 7(a).  In t he  test section,  investigations were made 
with 1-foot-span  rakes as shown in   the   cen ter  of f igure 7(a) .  A t  the  
origin  of  the  slotg,   the  surveys were made with  &inch  rakes, as shown 
i n   t h e  l e f t  of   f igure 7(a) .  I n  the   s lo t s   in   the   reg ion  o f  the  diffiser- 
entrance  noses, s&cVeys were made with a rake, shmn in the  center o f  
f igure 7(b) ,  which  spanned the  slot. I n  t h e   s l o t s  ahead of  the  noses, 
the  surveys were made with  rakes, shown on the right and l e f t   o f . .  
f igure 7(b) ,  which  could be rotated and moved normal to   the   tunnel  
axes.  Surveys  of the losses  caused by the model support system were 
obtained  with a 1-foot  rake  attached  to  the downstream end of t h i s  
support. 

- 

Static  pressures were measured along the   center   l ine of the tunnel 
. _  during. some of  the  test runs by  use of o r i f ices   ins ta l led  in  a 

- - - 
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2-inch-diameter  tube.  (See ref. 2.) During o t h e r   t e s t  runs., t he  
'450 sweptback wing-body model shown ip figure 8, was i n s t a l l ed  in the  
test  region w i % h  the  nose 70 inches downstream of t h e   s l o t   o r i g i n .  . 

. -  

METHODS 

Measurements 

- 
With the  origina1.diffuser-entrance noses installed,,total-pressure 

and temperatbe  surveys were made a long   rad ia l   l ines  a t - the streamwise 
and Latera l   loca t ions   l i s ted   . in   t ab le  I. Stat ic   pressures  .were meas- 
ured a t  the   cen ter   l ine  of the  tunnel  .on the  center  l ine  of a nose  and 
along  the  center. line of' a panel in  the   v i c in i ty   o f   t he ,   d i f fuse r -  
entrance  nose;  they.were also lpeasured a t  the survey  stations in  the 
d i f fuser .  D u r i n g  t he  sur'veys w i t h  the   or iginal   d i f fuser-entr ince  nose 
ins ta l led ,  a small model  which had an ins- igni f icant   e f fec t  on the  flow 
near , t he   t e s t - sec t ion 'wa l l  was a t  the center line of   the  'te.6.t section. 

. During t h e   d e v e l o p n t  .tests of  the revised  diffuser-entrance  nose, 
s ta t ic   p ressures  were measured along a line' on one of 'the side walls of 
the  diffuserLentrance-nose combinat,ion  and along a line near  the edge 
of one of the  panels in the   ' v i c in i ty  of the  nose  ( f ig .  3(b) ) in   addi t ion  
to measurements at t h e  same locat ions as with  the  original  nose.  'For 
these tests, runs were made w i t h  either the 450 sweptback wfng-body 
model ( f i g .  8) or   the   s ta t ic   surve j r - tube   fns t s l led  in the test region. 
The condi t ions  for  tllk va%ious t e s t  runs are l i s t e d   i n  figure 5 .  

I .  

. With the  final revised  diffuser-entrance  nose  instal led,   to ta l  
pressure  and  .temperature surveys were made a t  t h e   s t a t i o n s   l i s t e d   i n  
t ab le  11. The wing-body  model shown in f igure 8 w a s  i n  the  test section 
during all. these  surveys. This model had a d e f i n i t e - e f f e c t  on the  flow 
near  the  tunnel-wall  which resul ted i n  a change Fn the  energy'  losses 
associated  with  the.  tunnel boundary layer. - 

%cause of a mixing fn t h e   s l o t s  and in   t he  dif-er,   the  local '  
s ta t ic   p ressures ;   to ta l   p ressures ,  and flow  angularitfes in these  regions 
f luc tua te   by   re la t ive ly  large amounts.  Inasmuch as the  frequency 
responses of the b o m e t e r - l e a d s  and _liquid colUmns are   general ly  rquch 
lower  than  the  fluctuations of  the   p ressures ,   the   aometer   read ings  
usually indicate  nearly  constant  pressures.  It can be shown that these 
nearly  constant  pressures:are  not  exactly  the mean pressures; however, 
for  the 'accuracy  required  in  the  present  analysis,   the  manometerreading 
may be  ass&ed"bo  be  equal t o  the mean pressures. The f luctuat ions of 
the  total   pressure  near   the  outer ,  edge of the boundary layer in t he  
diffuser. .are,  a t  times, of the'same  order as the  responses  of  the 
manometers. For these  conditions,-  the  mqometer  readings  varied by as 

, . .  



much as 10 percent a t  times. To compensate pa r t i a l ly - fo r   t hese   f l uc tu -  
ations,  the  averages o f  three manometer readings were used i n   t h e  
reduction  of  the data. 

- ,Attempts were made t o  measure s ta t ic   pressures   in   the  s t ream with-  - 

s t a t i c  probes on the  rakes which were previously  described. Because of 
the   i r regular  and unsteady  nature  of-the flow near  the wall, however, 
these  pressure  measurements,were found t o  be unreliable and weke not 
used in   the  calculat ions of  the  locaLMach numbers. Local s t a t i c  
pressures  in  the  stream were estimated on the basis o f t h e  pressures. 
measured on the w a l l  and along %he center   l ine  o f  the   tunnel .  Measure- 
ments made with the y a w  heads indicate   that  even in the   s lo t   the   average  . 
cross  flows are small. Therefore, no corrections have  been  appLied t o  - 
the  data t o  account f o r  these  stream  deviations. 

. .. 

During the . . in i t ia l   inves t iga t ion  of the s l o t t d  throat  in the 
Langley  8-foot  transonic  tunnel, tests were made with  the  slots  clqsed - 
with wooden f i l l e r   b locks   t o   ob ta in  power measurements f o r   t h e   d i r e c t l y  L 

comparable closed-throat wind tirnnel. During these tests, power-loss . 
surveys were made a t  the end of  the'  diffuser  with  the  rake  describe,d i n  
the  section on "Apparatus."  Surveys were not made in   t he  test  region 
o r  forward portion  of-the  diffuser. 

d .  

Reduction of Data 
I 

Method of  computat-ion.-  Using  the measured values of l o c a l . t o t a 1  
pressure,  total  .temperature, and static  pressure,*tke  energies  required 
t o  raise the   to ta l   p ressures  of all.elements  passing  through  the  various 
stream-tube  cross  sections t o  atmospheric  pressure  isentropically have 
been calculated for each  streamwise measurement station. An attempt was 
made t o  determine  the  actual  energy  losses from one survey   s ta t ion   to  
another  by  determining  the  total  energy of  the  stream a t  each  station. 
However, t he   r e su l t s  of such.a  process proved t o  be extremely  inaccurate 
because  the  values o f  the  losses desired are very small compared with 
the  total   energy  values,  so that small er rors  in the   to ta l   energy   resu l t s  
produced very  large  errors   in   the  loss   values .  

The energy requi red  t o  raise the  pressure of  a un i t  mass t o  atmos- 
pheric  pressure i s  defined as 

I 

I 

, 
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The energy  required  for a unit   area per uni t  time, or   the  power, i s  

Y ea = - 
7 

\By use of th i s   l a s t   r e l a t ion ,   un i t   va lues  of power were .obtained  for  the 
points  oT.tota1-pressure measurement. To calculate   these powers, the  
loca1,Mach numbers, ve loc i t ies ,  and density  ratios.were  determined  by 
using  tables  based on one-dimensional  flow r e b t f o n s   f o r  a compressi%le 
f lu id .  The t o t a l  power required f o r  a- given  c i rcular  stream tube is  

Surveys made at a nmber of  circ.umferentia1  stations for one 
streasrwise s t a t ion  (table I) indicated that the   losses  were approximately 
the  same on each segment of  the   tunnel  bounded  by radii through  the  center 
l ines   o f  a slot .and  panel ,  The measurements  and computations  were, 
therefore;simplified  without a s igni f icant  loss in  accuracy by using 
the express  ion 

Tr 

AE = 2 b k E L R L  ear dr  de 

The energy  required  for  the measurement s tas ions in t he  dodecagonal- 
shaped portions of .the enclosed  stream  tube was integrated as follows: 

. .  

A t  the.measurement s t a t ion  in the test section, the power o f  the  stream 
tube  outside  the  slots was s-ized. in  a similar planner. 

I 
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In order t o  reduce t h c t o t a l  power &lues  t o  nondimensional form, 
these  values were divided by the  equation 

c 

I 

which i s  the   k ine t ic  power of a stream  tube  in  the"test  region if the  
. conditions are assumed t o  be uniform across   the  sect ion  with  the  total  

pressure  equal  to  atmospheric  pressure;  the  temperature  equal  to that 
at the center l ine of the  entrance cone;  and the   ve loc i ty ,   s ta t ic  
density, and stream-tube'  area  equal t o  the  values .obta&d  by  reducing 
the  pressure  in  the stream isentropical ly   to   the  pressure  in   the tes t  
chamber. This test-chamber  pressure is approximately  equal  to the mean 
s ta t ic   pressure i n  the  s lot ted  tes t -sect ion.  - (See ref. 2. ) The 
var iwion   of   th i s   k ine t ic  power. with Mach number for the  indicated 
reference  temperatures is presented in f igure 9. 

Adjustments for   var ia t ions   in  stream tube.- Because of  the mixing 
in the  regions of  t he   s lo t s ,  a small proportion o f t h e   k i n e t i c  power 
and'momentum of  the  tunnel stream tube is t ransfer red   to   the   essent ia l ly  
still a i r  j u s t  ou ts ide   the   s lo t .  The entrained  extraneous air moves, 
with  the. stream tube, past the measurement s t a t i o n   i n   t h e   s l o t  t o  the  

' diffuser-entrance n'ose. Because o f t h e  irreg&ar nature of  the flow ' 

near   the  s lots ,  part of  this  extraneous air is  carried  into  the  tunnel 
diffuser  instead  of p r t  of   the   o r ig ina l  stream tube; however, the major 

- . portion.  of  this a l r  i s  re jected  into  the test  chmber below the  diffuser-  
entrance  noses. To provide  the most satisfactory  indica<ion of the 

* origin o f  the power h s ses  overcome by the  fan,  the summation of energy 
losses a t  the. measurement sta$ion' in t h e   - s l o t  should  include  only that 
,for the air induced into  the  diffuser .  It is impossible t o  accomplish 
t h i s  summation exactly on t h e ,  basis of  the  l imited data available. An 
approximation  has-been  obtained, however, by  summarizing the  energy 
losses   o f   the   a i r 'wi th  a mass equal t o  t h a t  of  the   o r ig ina l  stream tube 

in   t ab le  11). 
. above 8 l i ne  perpend-icular t o  the slot plane of symmetry (designated "c" 

. .  

The flow w a s  reversed  over  the major part of  the  surface  of  the 
original  diffuser-entrance  nose. A t  the  145-inch.measurement s ta t ion ,  
the  region of reversed flow  extended from the  surface of-the nose in to  
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- the  t u n n e l  proper. Thts reversed a i r   a l s o   c o n s t i t u t e d  part of   the a i r  
moving in   the  s t ream'direct ion above the 'nose.  Obviously, in the  
sunrmation of,  the  power losses  of the  tunne.1  stream  tube,  the losses i n  
t h i s   r ec i r cu la t ing  air should not be included. Eowever, as for   the  
flow in the  s lots ,   the   cross   sect ion  occupied  by-this   recirculat ing air, 
and thus  the  loss'es fo r  the  stream  tube,  cannot be determined  exactly. 
A reasonably.close  estimate o f  the   losses  a t  t h i s   s t a t i o n  has been'  
obtained  by  summarizing  the  losses of the  air, w i t h  a mass equal. 50 that 
of   the  or iginal  stre& tube,  passing above t h e   p n e l s  between l ines  

\ 

. - ver t ica l   to   the   pane ls  (designated "dl' in t ab le  I) . , 

The determinations ..of the  cross-sectional  areas  occupied by t he  . 
mass of the tunnel stream  tube  are  affected  by  the temperatures, t o t a l  
pressures, and s ta t ic   p ressures  et a l l  points a t  the  reference mli~imm 
s t a t i o n  and a t  the measurement s t a t ions .  Measured values of these 
quant i t ies  were not   avai lable  f o r  a l l  points wlzich requi red   tha t .   es t i -  

- mated values be used for some points.  As a re su l t ,   t he  computed stream- 

as err.ors in  the  esrtimations  of  distribution of these areas as mentiQned 
- prev ious ly ,   t he   f i na l   t o t a l  power-loss  values ,far  the  90-inch and 145- 

i nch   s t a t ions   a r e   l e s s   r e l i ab le   t han   t he  d u e s   f o r   o t h e r   s t a t i o n s .  

. =  

I 
" . tube  areas  are  probably in erpor.  Because of  these  differences,  as w e l l  

I 

. Allowance f o r  model support  system.- The losses measured a t  the 

' iricluded in the.  summatLon of   the  losses  In the vic in i ty   o f  %he support. 
A loss equal   to  that measured a t  the  end of the support has been  sub- 
t rac ted  from that measured across   the  ent i re   cross   sect ion at.the end 

. end of t he   cen t r a l  supp0r.t were r e l a t i v e l y  flin0.r and have.not  been 

-. of the  diffuser. '  

Effect  of  Temperature  Variations'on  Results 
I 

The rad ia l   d i s t r ibu t ions  of   local   to tal   temperature  measured at the 

in  f igure  10. Except for s t a t i o n  337; the  temperatures  presented a t  the  
" . c e n t e r   l i n e  o f  the  individual   survey  s ta t ions were a c t u a n y  measured in . 
the entrance cone  ahead  of the   t es t   reg ion .  The mean temperature  levels 
a t  the  var ious  s ta t ions  differ .by  percept ible  amounts because of the 
differences i n  atmospheric temperature present  .during  the  various  test  
runs. These differences  did  not have a d i r e c t   e f f e c t  on the  nondi- 
mensional power losses  since,   they  affect   the.   numerator and denomhator 
of  the power expression  in   the same proportions. . 

' . cen te r   l i ne  of  the  panel   a t   the   var ious  s t reamyise  s ta t ions  are 'presented 

- 
. These tenpera ture   resu l t s   ( f ig .  10) ipdicate  marked. - ~ r i a t i o n s   i n  

temperature  from.the w a l l  to   the   cen ter   l ine  o f  the  tunnel  a t  a l l  stream- 
-, wise  stations  for Mach numbers of 0.60 and 1.10. The var ia t ions   a re  most 

.*: ature   var ia t ion is associated  with  the method used t o  cool  the  tunnel,  

- severe at the -  or igkn of the   s lo t ted   th roa t  and, in   geneml ,  become pro'- 
gressively-   less  ppronougced - a t   s t a t i o n s   f a l j h e r  dom.stream.  This  temper-, . 

t 

I 
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by  which  a,tmospheric air i.s induced &to   the   c i rcu i t  a t  the  air-exchange 
tower  around the  periphery  of  the  stream  tube. The mixing in the  low- 
velocity  stream between t h e  tower ahd the  tes t  sect ion i s  r e l a t i v e l y  
slight, and, as a resul t ,   the   temperature   gradient   ini t ia ted a t  the  tower 

.persists t o   t h e   t e s t   s e c t i o n .  A comparison of t h e  t-emperatures'measured 
at g iven   s ta t ions   dur ing   d i f fe ren t   runs   ind ica tes   tha t   the   l a te ra l  tem- 
perature gradienta   are   affected by the  length of  a run and the  octs ide 
temperature. Such variations  cause changes in   t he  nondimensional power- 
loss results  obtained from the   to ta l   p ressure  and temperature  surveys. 

'These-changes result primarily from a s h i f t  o f  the  absolute  losses Ln 

- .  

I 

# 

t he  boundary layer,  based on the  temperatures bear t h e  wall, compared with 
the   re fe rence- loss ,  which i s  based on the  temperature a t  the  center  line 
of the tunnel.  They are a l s o  caused  by  changes  of t h e  mixing phenomena 
in  the  diffuser   associated  with- the  'var ia t ions of the   rad ia l .de&i ty  
and velocity  gradients.   In  an  attempt--to  reduce.  the  variations  in  the 
data measured during  the  various test runs due to   changes ' in   the temper- ' 

aCure gradients,   data  obtained  for  the  various Mach numbers were recorded 
09 the  same sequence  during  each  run. 

- 11" . .  

RFSULTS AND DISCUSSION 

Survey  of Power Losses With the  Original 

Diffuser  -Entrance Nose 

-.The fan  power.required  to  operate the tunnel .with a s lo t t ed  tes t  
sect ion -and the  .original  diffuser-entrance  nose at a Mach number of 0.60 
i s  approximately L.22 times greater   than  that ' required  for   the same 
tunnel  with a closed  throat.  (See fig.  11.) T h i s  ra t io   increases  as " 

t he  Mach number is increased,  reaching a value of 2.04 a t  t h e  maximum 
a t t a inab le  Mach number of 1 .13 . .  (These data were obtained from ref. 2 . )  

" 

Axial d i s t r ibu t ion  of.-power losses  .- The developments of t he  power 
.. . 

losses   in   the   tunnel .c i rcu i t   wi th  a s lo t t ed   t h roa t  and the   o r ig ina l  
. _  

, d i f f u s e r   e n t r a n c e  nose in s t a l l ed  are presented  in  figure-12. These 
losses  are, i n  terms -of t he  sum-of t he  powers .required  ' to raise the   l oca l  
po in t   to ta l   p ressures  to atmospheric  pressure. The developents  of  the  
losses  for the  tunnel  with a closed  throat a t  a Mach  number of  1.00 are 
also  indicated.  The experimental  pwer-loss  values for the  closed  throat 
a t  t h e   o r i g i n  of the  slots and 9.8 feet (117 i n . )  downstream of the o r ig in  
fo r  a Mach number of 1.00 were obtahed,fYom data measured a t  the  center  
l ine  of  the  panels of the   s lo t ted   th roa t   wi th   the   f ina l   rev ised   d i f fuser -  
entrance  nose  kstal led.  An examination of the  total-pressure  data 
measured near  the  panels  for  ' this  condition  indicates that the  boundary 
layer a t  the center  l ine  of  the  panel a t , the  117-inch s t a t ion  i s  only 
s l i g h t l y  affec-Eed by  €he  presence..-of the.  slot,: &d"t;he da ta  measured here 

. .  

. .  

. "  
P 

- are   ind ica t ive  of the boundary-layer losses   for  a closed  throat.  

y :  
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.. The increase  in   the power losses  in the s lo t t ed  test sect ion at a . 

Mach number of 1.00 is  approximat-ely 60 percent greater thani the loss 
fo r  t he  closed  throat  because  of  .mixing in the s l o t s .  , In t h e   v i c i n l t y  
of  the  diffuser-entrance iose  of the   s lo t ted   th roa t ,  .the losses   a re  : 

considerably more Severe- than- in  the comparable region of the  closed 
throa t .  .The large  losses- i n .  th is   - region m y  be a t t r ibu ted   pr imar i ly  t o  
the  presence  oireversed or separated flow over the diffuser-entrance 

, nose.  Tuft  surveys  indicate-  the  -f-low--is--reversed .on the  nose  -from the 
14.2-foot  (l7O-iiich) stremise s t a t l o n  forward to the leading edge  of 
the  nose. The total-pressure me8.surement a t  the  -12.1-foot  (143-inch) 
streamwise s ta t ion   ind ica tes  tb&t the  region  of  . reversed flow  extends 
from the surface  of  the nose t o  a pofnt several   inches  inside  the  tunnel 
wall,  the  region'  expanding  with  increase in Mach number. The t u f t  and 
total-pressure  measureronts  indicate that th i s . l oca1 ,  reversed, or  sepa- 
Yated flow does  not  lead  to  separation on the diffuser wall; The losses  
in  the d i f fuse r  downstream of the s l o t t e d . t e s t   s e c t i o n  are greater than 

- those  . for   the  diffdser  with the c losed   th roa t   for  a Mach number of 1.00. 

x 

" . 

. .  

- This addi t ional  Loss is due to the  loner  energy o f  t h e  afr induced ih to  
the d i f fuse r   w i th   t he   ' s l o t t ed   t h roa t .  

>; When the  Mach nuiber i s  increased from 0.60 to ,i.OO, t he  nondimen- , 

sfonal   losses  in t he   s lo t t ed  test sectLon  increase  by  approximately 
14 percent. . (See . f i g .  12. ) This change must be caused by an increase 

. . in the  losses   essociated  with m i x i n g  a t  the  higher  subsonic Mach numbers, , 

and the  geometry  of  the stream tube - in  the test region.  remains  essen- 
t i a l l y   t h e  same. When the Mach number i s  increased from 1 .OO t o  1.10, 

. %he nondimensional  losses i n  t h e   s l o t t e d  test  section  increase  further 
. to  approximately 30 percent. This increase is  due.prfmari ly   to  the I 

expansion  of the stream tube  into the s l o t  which is rqquired  to  obtain 
this.sctpersonic Mach number. The addi t iona l  loss is s l igh t ly   g rea t e r  
than the  power.106~  involved in t h r o t t l i n g  the air which-expands  through 
the slots from a to ta l   p ressure  of atmospheric t o  that o f . t h e  tes t  chamber. I 

' inasmuch as t h e  nondimensional  skin-friction  losses on the panel decrease 

. .  

The 'pressures :measured: on the p;anel ( f i g .  13) .Indicate .an abrupt 
. adverse  gradient a t  approximately the 146-inch streaWise1 s t a t i o n  a t  a 
Mach number of 0.60, which suggests tht increased  diffusion  causes prt 
of  the  large losses i n  t)lis region of the diffuser-&ntrance  nose  for ' 

this   condi t ion.  At a tes t - sec t ion  Mach number of 1.10, the  giradients in 
th is '  same region  are   s l ight ,  and a severe  discont inui ty   in   the Mach.  number 
d is t r ibu t ion   a long   the   cen ter   l ine  o f  the  tunnel  occurs downstream of 
the  144-inch  streamwise  station. (See: - f ig .  U. ) The near-sonic Mach 
number dowftstream of the discont inui ty   indicates  that it ' i s  not  associ-  
ated w i t h  a full normal  shock. Tl-tis discont inui ty   is .proba.bly  the  resul t  
of a  merging  of  oblique  shocks. i n i t i a t e d  by  the  compressive disturbances 
emanatfng from t h e   v i c i n i t y   o f .  t h e  s l o t s  ahead o f  the leading edges of 

a t  the  169-inch  streamwise'ktation  indicate that this dfscontinuity  causes 
-< the diffuser-entr'ance  noses. The total-pressure measurements obtained 

c 



12 - NACA RM ~ 5 2 ~ 2 0  I .  

insignif icant .  power losses .  The acceleration op the flow ahead of t h i s  
discontinuity i s  associated'vith  the  gradual  divergence o f  the  panel 
walls, a t  an angle  greater  than  the 50 of  the test region,  start ing a t  
about  the  100-inch  station. (See refT 1.) - 

Lateral  and radial d is t r ibu t ion   of losses . . -  Lateral variations  of 
the power required  to  raise the   to ta l   p ressures .  of stream-tube  elements 
t o  atmospheric  pressure, based on pressure alnd temperature measurements 
obtained a t  single  survey  stations, are presented in f igure 14. These 
data  provide  an  indication of the- la te ra l   d i skr ibut ions  of the  power 
losses.  Because of  the  reversed flow over  the  diffuser"entrance  nose, 
data  obtained  near  the  slot a t  the l@-inch streamwise s t a t ion   a r e  o f  . 
little- value and  have not been presented. The data f o r  Mach numbers 
of  0.60 s n d  '1.10 indicate tha t ,  a t  the  145rinch  station,  the losses are 
greatest  in the  proximity  of  the  slot, as might be expected  since  the 
mixing in t& slot   causes  a large  local  loss which is added t o  the 
general   skin-friction loss. 

Between the  145-inch and the  169-hch  s ta t ions,  the losses at t he  
center  l ine  of  the  panel.   increase  abruptly  while  those a t  the  center 
l i ne   o f   t he   s lo t  decrease, although  the major portion of  the  large loss 
developing  in  this  region i s  probably due t o  mixing  above the   d i f fuser  
entrance nose.. This trend  continues  farther downstream so that, a t  the 
241-inch s ta t ion ,  $he losses  a t  rake  positions  behind  the  panel exceed 
those  behind  the  slot .   Apprently,  a strong  cross  flow  of low-energy 
a i r  from the  region  behind  the slot  t o  that behind the  panel is present.  
This cross  flow may be attr ibuted  to  the  dirferences  in  panel and slot 
pressures shown in figure 13. This la teral  t ransfer  of low-energy a i r  ' 

' 5 s  more pronounced a t  a Mach number of  0.60 than a t  a Mach number of 1.10. 

" 

I 

U 

The radial variations  of  total-pressure  deficiencies measured a t  
the  various.stations in  the d i f fuse r   ( f i g .  1.5) indicate  the  expected 
rapid  thickening o p t h e  boundary layer  associated  with  the Plow against  ' 
the   posi t ive  pressure  gradient   ( f ig .  16). A t -  t h e   d i f f u s e x e x i t ,   t h e  
boundary layer   extends  to   the  center   l ine of the  tunnel. 

I 

. .  

4 

Development of Revised  Diffuser-Entrance Noses " .  

Basic  concept.- If the  reversed  flow on the  diffuser-entrance  nose, 
as described  in  the  previous  section, had not been present, a strong 
positive  pressure  gradient would have exis ted ahead  of;  and in  the 
v i c in i ty  o f ,  the  no8e. The reversal   of the flow,  which  caused the large 
energy  losses in  the v ic in i ty   o f   the  nose, resulted from the   f ac t   t ha t  

kinet ic   energy  to  move continually downstream against  this pressure 
gradient. This reversal  of the  flow  reduced the expansion  of  the main 
stream tube in  the   v ic in i ty  of the  nose and thus  delayed  the development 

I 

' the  mixing a i r  .in the region  of  slots. has ir+fficient"streamwise 
- - Y 
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" of a strong  posit ive  pressure  gradient on the  tunnel  w a l l  &ti- diffuser-  

entrance  nose t o   s t a t i o n s . f a r t h e r  downstre&, the.160-inch  s ta t ion-for  
a Mach number of 1.10, as indicated  by figure 13. With t h i s   de l ay  and 
the  increased rate of  mixing  result- from the  reversed flow, syf f ic fen t  . .  
energy i s  -transferr 'ed to the low-energy a i r  o f  the maw stream tube  before 
it' reaches the region  of   the  severe   posi t ive  pressure  gradient   to   a l low 
it to  continue downstream .again'st th i s   g rad ien t .  

* 

I 

. 

k 

I 

f 

The energy  losses in  the   v i c in i ty  of the  diffuser-entrance  nose . 

could  be  reduced if the required  t ransfer  of energy were accomplished 
without  the need f o r  the  region  of  reversed  flow.  Continuous  flow  could 
be maintained If t he ,  geometry of' the tunnel in the  region  dokstream of . 
the  slots were altered such that the posit ive  gradient would be suffi- 
c ien t ly .gradualwi thout   reversa l .  With such a gradient,   the  rate  of 
Fnerease  of total  pressure  of  the low-energy a i r  . f r o m  . s l o t s  due t o  mixing 
would be greater"th8n  the rate of  increase in the  s t .a t ic   pressure and 
the  foryard  velocity would be maintained. The -basic form of the gradu@ 
pressure  gradient i s  obtained by the proper dis t r ibu t ion  o f  cross- 
sectional  area  along  the  tunnel &cis. In addi t ion,   the   losses  downstream 
of slots should be reduced. by-designing the s i z e  and shape of .the 
entrance to t he   d i f fuse r - such  that it induces  and d i r ec t s  a l l  portions 
of the stream tube w i t h  a' minim& of   d i s tor t ion  :. 

' Results.  with  final  revised  diffuser-en%rance  nose .- The f i n a l  
configuration o f  revised  diffuser-entrance-nose combina-bions developed 
to accomplish the above objectives i s  shown in figure 3(b) . With these 
combinations in place,   the  cross-sectional  area of  the  tunnel  w a s  
approximately  constant  from-the_beginning,of  the  df9fuser-entrance nose- 
at the  115-inch streamwise station  to  .approximately  the  l50-inch  station 
( f ig .  17), the  area  being 8 percent  greater than that of  the mipimum 
section..  Tuft surveys  Fndicated that the  flow did  not-   reverse a t  any 
point on the  surfaces  of this  diffuser-nose  combination at the maxim& 
tes t  Mach number, the  condition  for which .this combination w a s  desieped. 
At lower Mach numbers, the flow-reversed in small regions  near  the 
leading  edge of  the upper surface o f  the  nose. The nondimensional power 
loss.es AE/E;c a t  the  end of the  cfiffuser  for various Mach numbers w i t h  

t h e   f i n a l  revised.diffuser-entrance nose in s t a l l ed  are considerably.less 
than  those  with  the  original  nose i n  place. A t  a Mach number of  1.10, it 
i s  20 percent less.' (See 'fig. 18.) ' 

Pressures measured a t  the  center   l ine  of  the final.   diffuser-eatrance . 
nose. at a Mach  number of 1.10 ( f i g .  19) indicate .a gradual positive 
pressure gradient from near  the leasing edge to   the   lb - inch-s t reamwise  
s ta t ions .  .Beyond 'the  140-inch  station,  the  positive  gradients become 
severe. The axial   extent  of  the  region of the desired  gradual  adverse 
gradients on the final .diffuserLentrance  noses i s  comparable to t h a t  
produced on the original  noses  ,by the separation of the  flow.; (See 
f.ig. 19.) .. 
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The more forward  location  of the leading edge of the f i n a l  
d i f fuserent rance  nose coinpared wlth that for  the original   nose  resul ts  
i n  a reduction  of  the open area of the s l o t s  which leads t o  a smell but 
significant  reduction i n  the mixing losses..  'Also, w i t h  the  f i n a l  
diffuser-entrance  nose in place,  diffusion on the  panel wall s ta r ted  a t  
approximately the 110-inch  streamwise s ta t ion  at a Mach nuzlber OF-1.10, 
whereas, with the or ig ina l  nose, it started downstream of the 165-inch 
streamwise s ta t ion   ( f ig .  19.). The i n i t i a t i o n  of dfff'usion a t  a more 
forward station,  of'course,  allows more gradual  diffusion and reduces 
the extent'  of the region  in which qear+tream  velocities are present. 
Both of these  factors  probably  reduce  the power losses.  

As a re su l t  of moving the leading edge of the piff'user-entrance 
no'se forward, the compressive  disturbances  emanating from the v i c in i ty  
of the slots ahead of t he  noses merge a t  the center line o f  the tunnel 

. t o  form a positive  gradient a t  the 126-inch s ta t ion .  (See f i g .  19.) 
This discontinuity is upstream  of the region where the stream a t  the 
center   l ine  was accelerated with the  original  nose.  Consequently, the 
magnitude ' o f  the dfscontinuity i s  considerably less wi th  the f i n a l  nose 
t.han with the or ig ina l  nose. Since  the shock losses caused  by the 
stronger  discontinuity  with the original  noses were insignif icant  
( f ig .  15(c)), any reduction in these losses  associated w i t h  the , lessening 
of the pressure.  .dfscontinuity  should have l i t t l e  e f f e c t  on t h e   t o t a l  power 
loss, 

! 
! 

" 
" 

I 

c 

.. . . 

Pressure  distributions w i t h  f inal   revised  diffuser   nose.-  The d e t a i l e d  - 
pressure -distTibutions  for  the final diff'user-entr&nce  noses ( f ig .  20) 
Indicate that-, a t  a Mach number- of 1.15, which i s  -close  to   the design 
condition  of 1.16, a positive  pre.ssure  gradient is present in t h e   s l o t  
ahead of the leading -edge o f  the   d i f fuserent rance  nose. This graaient 
indicates that the- cross-sectional  area-enclosed by the no8e combination 

. .  

. i s  somewhat greater than that occupied  by the  low-energy air of the 
. stream tube  ahead  of  the  nose, so that the stream air must decelerate 

t o  pass through th_e nose  combination  without  separation. A t  lower Mach 
nmbers, the area occupied by the stream tube ahead  of"the  nose is even 
less,. which requires a greater expansfon'of  the  stream  tube  to the area 
enclosed'by  the nose combination. This re su l t s  in more severe pressure 
changes . 

. The gradual  positive  pressure  gradients o n  the $ne1 a t  Mach numbers 
of.l.10 and 1.l5 .from  approxirkte,ly the l l5- inch   to  the 125-tnch  stations 
( f i g .  2 0 )  are associated.with the deceleration fn the s l o t .  A t  a Mach 
number of  0.60, the  positive  pressure  gradient on the  panel  associated 
with the deceleration jn the slot   extends forward  of the 70"inch .stream- 
w i s e  s ta t ion .  The negative  pressure gradient- on the  panel betwean the 
125-inch.and the 130-inch streamwise .stations i s  associated with the 

.curvature.of  the w a l l  i n  this region. The pressure differences between r 

. -  the   center   l ine o f t h e  panel and the cen te r   l i ne   o f -   t he   s lo t  in the - 

" 

." 
.. 

d 
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- -region  between the 125-iftch and the   160- i~ch   s ta t ions  are caused 
primarily by the  reversed  curvature  of the diffuserentrance  nose.  
(See f ig . .  3(b) . )  

I . 
I 
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The effect of  the-  deceleration o f  the. flow i n   t h e   s l o t s   r e s u l t s  in  
a deceleration  of  the  f low  in  the  tunnel.  A t  supersonic stream Mach 
numbers, t h i s   e f f e c t  i s  carr ied downstream  and produces no changee Fn 
the  Mach number d i s t r ibu t ion  at. the  center '  line of the test region. 

the   cen ter   l ine   o f   the   tunnel  at approximately  the  l l7-hch  s ta t ion  for  
a, PlIach number of 1.154 is associated with disturbances produced  .by the 
in i t i a t ion   o f  the side walls for the  diffuser-entrance  noses-at  the 
90-inch s t a t ion .  A t  subsanic Mach numbers the   e f fec t   o f   the   s t rong  
deceleration in t h e  slots ( f i g .  20) produces a gradual  deceleration of 

. the  flow a t  the.   center l h e  of the -tunnel in- the test  region (fig. 2 l )  . 

. (See f i g .  -.a. 1 The discont inui ty  o f  t he  Mach number d is t r ibu t ion  at 
r 

-Effects of m i a t t o n s  of revised  diffuser-entrance-nose &apes. - 
' The diffuser-entrance-nose  configurations 2 t o  9 in f i g .  5 were tested 

during  the  developnent of the  f b a l  noses. Comparisons of the maximW 
Mach numbers obta-ined  with  19,000  horsepower  indicate that, a t  approxi- 

-ma te ly   t h i s  maximm power condition the ef fec t s   o f  these Changes in nose 
configuration  were slight, .so tha t   the   h ighes t  maximum Mach number was 
only 0.005 greater th+ the  lowest.. -This sqnall e f f e c t  might be expected 
s ince  for  a l l  these  revised  configurationsj .  no severe  reversed flow w a s  ' 

.present  on the  noses. . These resu l t s   ind ica te  that the maximum  Mach number 
could be s l igh t ly-   increase3  by reducing  the  radius  of .the leading  edges . 
-of the noses, by mvwg the points  of  tangency- o f  t h e  noses. with  the. 
d i f fuser  w a l l  forward,  and,  within  certain limits, by increasing the 
distance between the  leading. edge of the diffuser-entranccnose and the  
surface  of  the  tunnel. The major e f f e c t s  of var ia t ions  o f  tunnel  stream 
temperature on the  coluprisons shown in f igures  5 and 22 have been  elim- 
ha t ed -by   d iv id ing  the measured powers.by the  square  root   of   the   ra t io  
of  the stream temperature   to   arbi t rar i ly   selected  reference-temperatures  
'for  each Mach number. (See f i g ,  9 . )  The effects of  var€ations  of 
atmospheric  pressure  haye  been  elimhated by dividing  the-measured-powers 
by the r a t i o s  of the  atmospheric  pressure  to  standard  atmospheric pressure. 

The pressure  dis t r ibut ions on the.pane1 and diffuser-entrance  nose 
and the  center- l ine Mach number d ls t r ibu t ions  are only s l i g h t l y   a l t e r e d  

entrance  nose  with the d i f fuse r  w a l l .  (See f ig :  23. ) A decrease in 'the 

surface or' the 'tunnel from 9.7 inches  to 7 inches  reduces the posi t ive , 

, by the  forward movement of. the point  of  tangency  of the diffuser-  

. distance between the leading edge of the   d i f fuse ren t r ance  noge and the 

' gradients  ahead .of . the   .d i f fuser   entrance  nose.  . This fac$or results in 
- ' a reduction  of  the m l x i n g  losses in   the  , s lo t .  Because of  this-.reduction, 

the configuration  with the smaller distance from the   tunnel   ( . f ig .  22) . . 
- requires less power' a t  Mach-numbers less. than -1.137; however, t h i s  . 

configuration c k g e  also nearly  elimfnated the gradual  posit ive pressure 
3 

.- 
4 -  - 
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gradient on the  panel as far downstream as the lu - inch   s t a t ion ,  so 
that the  adverse  gradient  farther downstream became  more severe. This 
Increased  gradient  probably  caused  increased  diffusion  losses. The 
change in  the  con'figuratian delayed the  deceleration  .of  the flow a t  the  
center line of the  tunnel,  allowing t& floG to  accelerate   before  it- 
was decelerated. This delay  resulted in  a more severe discontinuity i n  
the  Mach number distribution  vhich  probably  increases the shock losses .  
Most importantly,  because o f  the  higher  velocities In the  vicinity--of 
the  diffuserentrance  noses   with. the  noses   nearer   to  the tunnel  wall, 
the   f low  in   this   region approached the  choked condition a t  a lower tes t  - 

section Mach number.  Power requirements  for  the  tunnel  with  the  noses 
c loser   to   the   tunnel  w a l l ,  therefore,  increased  abruptly a t  a Mach 
number of 1.133 ( f i g .  22) so that, at  the  maximum powezcondition, the 
m a x i m u m  Mach number attaina5le  with this configuration was less than 
that with the  noses  in a more open posit ion.  

. Effect   of   instal la t ion of t e s t  model.- The results  presented i n  . 
figures  5 'and 22 indicate   that-   h igher  Mach numbers are attainable with 
a given mer when the sweptback wing-body model was i n  the test  region 
than when the  survey tube was ins ta l led .  A comparison o f  the pressure 
dis t r ibut ions on the  panel  with  the model and survey  tube in  the  tunnel 
a t  a Mach number of 1.17 ( f i g .  24) indicate   that   the   addi t ion of  the 
model. caused a series af 'pressure changes  between t h e   l n - i n c h  and the 
l35-inch-stations.  ."Le reduction in  power may r e s u l t  from the reduction 
of  the  adverse  pressure  gradients in t h e   s l o t s  ahead  of the diffuser-  
entrance  noses  associated with these pressure .changes. 

Modification  for  satisfactory  subsonic  operation.-  With  the  revised 
diffuser-entrance  noses  installed, the Mach number gradient a t  the center 
l ine of  the test section a t  subsonic Mach numbers caused  by the deceler- 
ation  of the flow in   t he  s l o t s  is sufficiently  large--to  be  unacceptable 
fo r  model testing.  With.the.  sEcia.1  diffuser-entrbce-nose  configuration 
(no. 10) ins ta l led ,  it is possible  to  obtain  test-section Mach number- 
dis t r ibut ions of  acceptable  uniformity a t  subsonic  speeds. (See f i g .  25.) 

. This improvement r e su l t s  from the  reduction  of  the  cross-sectional area, 
enclosed  by  the  noses. t o   va lues   s l i gh t ly  greater than  the area of  the 
stream tube   in   the ' s lo t ted   reg ion .  The use of this  diffuser-eqtrance- 
nose  configuration f o r  supersonic  testing is limited, however, by  choking 
the flow i n  the   v i c in i ty  o f  the nose a t  a Mach nuinber of 1.08. In order 
t o   ob ta in  a configuration  that  has  the same aerodynamic charac te r i s t ics  
as t h i s   spec ia l  nose a t  subsonic  speeds,.flaps were Ins ta l led  h the  
surfaces of the  noses as shown i n   f i gu re  3(b) . For  subsonic and sonic 
testing,  , these flaps are. opened to   the  posi t ion shown. With t h s e  f laps  
open, entrained a i r  from the  test chamber moves in to   the  forward  port-ions 
of the entrance-nose  combinations and back into the  chamber under the  
f laps .  Because of  this  secondary.flow,  the  cross-sectional area occupied 
by the 'stream tube  within the nose  combination  approaches the  area of  the 
tube ahead of  the  nases-and  only a. slight  decelemtion  of  the  flow  occurs 

. ,  

* !  
. -  ~ 

! 
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* 
L ahead  of  the  nose (fig; 26). A s  a result, 

of  the  flow at  the center  line of  the test 
(See f ig .  25.) 

i 

the  associated  deceleration 
region was acceptably smll. 

Survey  of Energy Losses i n  Tunnel w i t h  the   F ina l  

Diffuser  -Entrance Nose 

Axial d is t r ibu t ions  o f  losses.- The development of  the power losses 
in the  tunnel   c i rcui t   wi th   the  f inal   revised  diffuser-entrance  noses  
in s t a l l ed  is  presented in f igure 2'7. With the  revised  nose in place, 
the losses  in the   v ic in i ty   o f   the  nose are r e l a t i v e l y  small compared , 
with  those  present in the l o c a l i t y  of the or iginal   nose.  (See f i g .  12. ) 
The developlment of  loss Fn th i s   reg ion '  and i n  the d i f fuse r  (fig. 27) ' 

is similar to that t o  be  expected  domstream'of a closed  throat.  The 
losses   for  the slotted-throat  condftion are associated  primarily  with - 
'the same phenomena as those  for  the  closed-throat  condition, skin fy ic -  
tfon, and normal d i f fus ion   e f fec ts .  As. for  the  closed  throat  condition, 
the major p r t  o f   t h e   t o t a l  power Lbss OCCUTS in the  diffuser. .  

At- a Mach number of 1.00, t he  nondimensional loss for  the  closed 
- t h r o a t  and the approach t o   t h e   t h r o a t  up to   the  9 .8-foot   s ta t ion i s  
0;024, whereas the loss at.the end of the di f fuser  downstream of  the 
closed  throat i s  0.060. The comparable va lues   for   the   s lo t ted  test 
section are 0.038  and 0.101. These data  provide a direct indication of 
var ious   d i f fuser   e f f ic ienc ies   for   th i s  Mach number. The eff ic iency of 
the di f fuser  in %covering  the  kinetic  energy of the  stream tube between 
the  9.8-foot  and-69-foot  stations is 96.4 percent  with  the  closed  throat 
and 93.7 percent  with the .siot ted test sect ion.  These ef f ic ienc ies   a re  
approximately  equal to   the   d i f fe rences  between th& nondimensional power 
def ic ienc ies   a t   the   en t rance  and ex i t   o f   the   d i f fuser .  The e f f ic iency  
of the   d i f fuser   ac t ing  as an induction p p p  t o  mise t h e   t o t a l  pres.sure 
of the low-energy air   enter ing  the  .d i f fuser   to   near ly   a tmospheric   pressure 
is 40 percent  with  the  closed  throat and 38 percent  with  the  slotted test  
section. These pump e f f i c i enc ie s  are equa l   t o   t he   r a t lo s   o f   t he  non- 
dimensional power def ic iencies  a t  the  entrance and e x i t  of t he   d i f fuse r .  ' 

The ef f ic iency  of t h e   d i f f u s e r   i n  overcoming the  additional  total-power 
def ic iencies  at the entrance  caused by the i n s t a l l a t i o n  of t h e  slots is 
34 percent.. mzse   e f f i c i enc ie s  are equal t o  the r a t i o s  of t he   d i f f e r -  
ences  between-nondimensional power de f i c i enc ie s   fo r   t he   s lo t s  open and 

-c losed at the  entrance and e x i t . t o   t h e . d i f f u s e r .  The ef f ic iency  of this 
additional  function  of the di f fuser  is lower than thht f o r   t h e  initial 
function  with  the  closed  throat,  even  though no addi t ional   skin-fr ic t ion 
loss is associated  with  this   addi t ional   funct ion.   This   decrease in 
eff ic iency is probably due t o  the ir regular  lateral d i s t r ibu t ion  of 
losses  at the   en t rance   to   the   d i f fuser  downstream  of t h e - s l o t t e d  test 
section. (see f i g .  28.3 

I 
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The. results  presented in figure 27 indicate that appreciable . n  

losses  develop between the end of the di f fuser  and the  fan shaft, which 
may be a t t r ibu ted  t o  losses  in the  fan,   skin  f r ic t ion on the   tunnel  
walls, losses  in the  turning  vanes, and minor diffusion losses. The - 8 .  

fan efficiency,-obtained from total-pressure  surveys ahead  and  behfnd 
the fan, i s  approximately 85 percent at . t ransonic   tes t -sect ion Mach . I 

numbers. (See f i g .  2 9 . 1  

I I  -~ , - 

. .  . 
I 

The Fncrem&nt in  fan power associated w i t h  the addition o f  ' s l o t s  
i n  the test-section a t  a Mach number of 1.00 i s  approximately f o u r  
times as   great  as the comparable increment i n  power loss a t  the  down- 
stream end of the test sec t ion   ( f ig .  27), which &ads to   the   addi t iona l  
loss a t   t he   f an .  This comparison suggests that an appreciable improve- 

porti0n.s  of. the st'ream tube with the   g rea tes t   def ic ienc ies   o f   to ta l  
pressures from the tunnel   c i rcu i t  at the end of the . t e s t   s ec t ion  and 
r a i s ing  the pre.ssure of  this air t o  atmospheric  pressure  by a compressor 
ra ther  than by  the  diffuser and fan. - 

- ,  

.. _. . .  

' ment in the  tunnel  energy  .ratio m i g h t  be obtained by removbg  the 
" I, 

. .  

. .  

.With the  f inal   d i f fuser-entrance nose ins ta l led , , the   increase  i n  
power losses. due to   the  addi t ion of the slots is most rapid  in  the 
forward  portions o f  the   s lo t ted   th roa t .  (See f i g .  27.) This dis t r i - '  . .  

bution  suggests that further reductions  . in  the  additional power losses  
associated w i t h  the i n s t a l l a t i o n   o f t h e   s l o t s  might be accomplished by 
a l te r ing   the  forward  portion,s o f .  the  'slot. conflgurations. 

.. - 
1 

. .  

." . . 

Lateral  and radial variations  of  losses;-  The l a t e ra l   va r i a t ions  
of  pwer  losses at various  streamwise  stations, with the  f inal   d i f f 'user-  
entrance  nose  installed  as.presented in  figure 28, indicate  cross flows 
of the low-energy air from t h e   s l o t s  toward the  center   l ines  of the 
panels  as was present with the  orig5naLnos.e. The flow i s  less  severe 
with the  revised  configurations  (fig.  18); probably  because  of  the . 
smaller   la teral   pressure  gradients .  The radial var ia t ions   o f   to ta l -  
pressure  deficiency  obtained with the  f inal   d i f fuser-entrance nose f o r  
a Mach nmber-of 1.10 (fig. 30) indicate that, a t  the   cea te r   l ine  of  
t he   s lo t ,   y l /b  = 0 ,  .at  the- point--of tangency o f  the  diffuser-entrance 
nose wi th  the diffuser-wall ,   streamwise  station 150,"bhe  downstream  motion 
in the boundsry l a y e r ' i s   r e l a t i v e l y  low over a wide .radial   region. The 
slow, irregular-motion  of the t u f t s  observed i n  this  region also indi-  
cated  the  presence o f  these low veloc i t ies .  The retarded motion in  this 
region is associated.primari1y with severe  positive  pressure  gradients 
j u s t  ahead of t h i e  measurement s ta t ion .  A t  s t a t ions  farther downstream, 
the. tota1  pressures  of the  elements  in the boundary layer  increase 
markedly  because of mixug, and, as  a result-, the veloc i t ies  i n  t h i s  
region  are  considerably  higher than those  just  downstream o f  the slot. 

.- , 

. .  

The contours  of  equal  total  pressure  obtained in. the   v ic in i ty  o f  a > 

s l o t  a t  the 90-inch stremise s t a t ion  a t  a Mach number of 0.69 ( f i g .  31) 



- ind'icate that the  . t ransfer   of   energy from 
essen t i a l ly  s t i l l  air in t h e   t e s t  chamber 

the  stream tube   t o  the 
does  not  proGess from the 

slot .  w i t h  equal  speed i n   a l l   r a d i a l   d i r e c t i o n s  as might be expected. - 

Outside  the slot the  progress i s  more rapid €n a di rec t ion   a t -approxi -  
mately k5O -to the  plane of  symmetry than  along  the plane of  symmetry. 
The hagnitude  of this difference is  s-horn in  f igure 32.. The expansion 
of the stream tube  twough  the s l o t  a t  a Mach number o f  1.10 r e s u l t s  'in 

an expansion o f  the  region of  mixing  along  the p l a e  of symmetry but 
causes little change i n  the  developuent of the m5xing region  outside 
the   s lo t s  in a di rec t ion  a t  45' to  plane of symmetry. (See fig. 32.) 

The d i s t r ibu t ions  of .  t o t a l  pressure a t  the leftding  edge o f  the. 
diffuser-entrance  nose at a Mach number o f  I :lo ( f i g .  33) indicate  that 
f o r  the stream whfch reenters  the .tunnel c l r c u i t ,  a. mini&m o f  8 percent 
of t he  stream kin&tic  energy is recovered -at the  end o f  t he   s lo t .  

Pressure and  temperature  variations.- A comparison  of  the  dfstri- 
butions  of  static  pressures  in  the d i f f u s e r  downstream o f  the s lo t t ed  
throat   with  the  or iginal 'and f h a l  diffuser-entrance-nose  configurations 
( f igs .  16 and 34) indicate   bet ter   pressure  recoveries   with the final 
nose f o r  a l l  s t a t ions  a t  transonic Mach numbers as  would.be  expected. 
In the  ,forward  portion o f  the   d i f fuser ,  a t  a h c h  number of  0 .GO,. t he  
recovery with f i n a l  nose i s  not a6 rapid as with  the  or iginal   nose.  

The radial ' d i s t r ibu t ions  of  temperature a t  various s t a t ions  in  the ' 

c i rcu i t   wi th  the f ina l   d i f fuser -en t rance  Dose i n s t a l l e d   ( f i g .  35) are 
s imilar   to   . those measured wi th   the   o r ig ina l   nose   ( f ig .  10) .  At the  
90-fnch stre&mwis.e s ta t ion ,  the temperature.  gradients  near  the-center 
1-he of   the  tunnel  do not  appear to be large'.. The results of Zests of 
models. placed in this  region  should 'be only slightly affecte.d by t h i s  
gradient. Near the  tunnel  wall  the temperature  gradient is relatively 

- 0  

! 

severe at a Mach number 
these measurements were 

. cent from the w a l l  t o  a 

of 1.19. A t  the  atmospheric  condition  for which 
made;the absolute  tempe$ature,varTes by'.10 per- 
p o h t  0.2 radius off the wall. 

! 

The r e s u l t s  of  an investigation  of  stream-tube pwer losses ,  and a 
program -of development of  improved dlffuser-entrance-  noses  in the Langley 
8-foot  transonic tunnel with a s lo t ted  test- sect ion form the bas i s   fo r  
the  following  geneml  conclusions:. - 

. I  

. . 1. Witb the early-di'ffuser-entrance nose  installed,  a &@;e par t  
of the  power loss assoc ia ted   wi th   the   ins ta l la t ion   o f , the   s lo t ted  test 

- section w a s  cau'sed  by the   inef f fc ien t . induct ion  of thepart of the  stream 
tube  outside  the slots in to   the   d i f fuser .  

. .  
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2. The ins ta l la t ion   o f  improved diffuser-entrance  noses  substan- 
t i a l l y  reduced  the  losses  directly  caused by the  induction of the 
stream tube into the diffuser .  

J 

3.  With the improved diffuser-entrance noses ins ta l led ,  the 
Fncrease i n  power loss due t o  the addition of t-he s l o t s  i s  most 
pronounced i n  the  forward  .port lons o f  the   s lo t ted   th roa t .  

4. A s  fo r  a closed  throat  tunnel, the major part of-the  stream 
tube power loss in   the  s lot ted  throat   tunnel   occurs  i ~ t h e  d i f fuser .  

_" 
I 

Langley Aeronautical  Laboratory 
National Advisory Committee for  Aeroxautics 
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Figure 2.- View of throat  region of 8-foot transonic  tunnel sharLng 
slotted test section, cylindrical S.mvey tube, and support system. 
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(b) Revised di2fimer-entrance nose. Shape B. . 

c L 

Figure 3.- Concluded. 
- 
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Figure 4. - Front view of f inal  dLffuser-entrawe nose placed between 
steel  plates; 
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Figure. 5. - Sketches of.~confrLgWationa investigated "during development of 
final dlffuser-entr~ce-no8e shape. 
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' . Total-temperature  probe 

Figure 6 . -  Details o f  t o t a l  preisure and tempemture probes. 
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(b) R a k e s  for survey of flow in slots. 

Figure 7.- Rakes used for flow surveys. -. c 
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Figure 8.--.Wing-fusehge combination mounted on the sting-support system 
in'the 8-foot s l o t t e d  test section. 
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Figure 9.- Kinetic power of stream tube at t e s t  section assuming no losbes 
and reference  temperatures. 
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- ‘ . Figure 10. - R a d i a l  variations of local  total’temperature  measured at 
various rake locations in tunnel with original diffuser-entrance 
noses installed. ’ 
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Figure 11.- Effect of installation of slotted  test   section on fan power 
with original diffuser-entmnce nose. 
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Figure 12.- Stremwise variations 'of energy required to raise l oca l  total 
pressures ' i n  the stream tube to ataospheric presaure f o r  closed throat 

. .  and slotted throat w i t h  or ig ina l  diffuser-entrance nose installed. 
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Figure 13. -  Pressure  dietributiona on panel and diffuser-entrance no88 
and center-l ine Mach number d idx ibu t ions  with original  diffuser- 
entrance  noses installed. 
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Figure 14.- Lateral- variat ions of 1 energy  deficiencies  measured at various 
rake locat ions f o r  several  s t r e e ~ s e   s t a t i o n s  Fn tunnel with or igfna l  
diffuser-entrance noses installed. 
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(a) Streamwise station 0. 

Figure 15. - Radial variations of the  local t o t a l  pressure  deficiencies 2 
measured at various  rake  locations in tunnel with original  diffuser- * 
entrance nose's installed. 
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(b) Stremwise station 145. 

Figure 15. - Continiikd. 
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(c)  Streamxise station 169. z 
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Figure 15.- Continued. ul 
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Continued. 
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(e) Strearmrise station 241. 

Figure 15.- Continued. 
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(g) Diffuser exit. 

Figure .l5.- Concluded. 
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. Figure 16.- Streapwise variations of s ta t ic  preasures in the diffuser 
of tunnel with -original  diffuser-entrance nosea installed. ' 
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Figure 17.- Streamxiae variation of tunnel cross-sectional area with 
final diffuser-entrance n o ~ e s  installed. 
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Figure 18.- Camparism of energy lossee at end of diffuser with original 

and final diffuser-entrance noses. 
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Figure 19.- 
entrance 
original  

Comparison of pressure distributions on panel  and diffuser- 
noae and center-line Mach number distributions with the 
and final diffuser-entrance noses installed. M, = 1.10. 
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Figure 20.- Pressure distributions an panel and diffuser-entrance  nose 
at several Mach n m e r e  for tunnel with f-i diffuser-entrance noses 
installed. 
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.Figure 21,- Center-line Mach number distributicms a t  several test-chamber 
Mach numbers for tunnel w i t h  final diffuser-entrance  nose^ installed. 
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Figure 23.- Pressure didxibut ion8  on panel aud diffuser-entrance nose 
and center- l ine Mach nuILiber d i s t r ibu t ion   fo r  tunnel with  several 
revised diffueer-entrance-nose configurations. Mo = 1.15. 
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Figure 24.- The effect of 8. sweptback--&g-body model ii tat  section 
. on the pressure dist r ibut ions on.the panel and diffuser-entrance 
nose. % .= 1.15. . 
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Figure 26. - The effect of opening ‘flaps. in  €he final diffuser-entrance 
noses on pressure distributfona.on padel and diffuser-entrance m a e .  
M = 0.60. 
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Figure 27.- Strearmrise variations o f  power requlred to raise lmal to ta l  
pressures in tbe atream'tube t o  atmospheric pressure fo r  closed throat 
and slotted throat with fjnal diffuser-entrance nose Installed.  
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Figure 28.- Lateral  variations of power deficiencies measured a t  various 
rake locations f o r  several streamwise -stations in tunnel with final 
diffuser-entrance noses installed. M, = 1.10. 
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Figure 29. - Variation of fan efficiency with Mach number. 
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' - (a) StraamKiae station 90. 
Figure 30.- Badial. variations of local t o k l  pressure deflclencies measured 

a t  varlou rake locations in tunnel vlth final diffuser-entrance nose 
installea. . .  
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(b) Streamvlse station 117. 

Figure 30.- Continued. 
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L !  Figure 30.- Continued. 
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(a) Streamwise station 193. 

Figure 30.- Continued. 
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Figure 32.- Vatat ions o f  total pressure Fn region of s lo t  at a s t a t i o n  
. .  

90 inches downstrkam of the origin o f  the slots far the tunnel. w3.th 
f inal  dLPfuser-entran'ca nose8 iwtalled. , 
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I Figure 33.- Variations of total pressure.noma.1  to tunnel axis at leading 
edge of final diffuser-entrance nose. M o b =  1.10. 
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Figure 35.- Radial variations of local t o t a l  temperature measured at 
varioue rake l o ~ a t i o n a  in tunnel with final diffuser-entrance nose8 
install.ed. - .  
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